3    1151    02721    3259 


LIGHg  SENSITIVITY  OF  CUPROUS  OXUE  AND  OF  SBLENIUM. 


DISSERTATION 
SUBMITTED  TO  THE  BOAfiD  OP  UHIVERSITY  STUDIES 

OP  THE  JOHNS  HOPKINS  UNIVERSITY 
IN  CONFORMITY  V/ITH  THE  REQUIREMENTS  FOR  THE 

DEGREE  OF  DOCTOR  OP  PHILOSOPHY. 


ET 


VOLA  PRICE  BARTON. 


BALTmORE 


1923. 


/7v,(^y- 


LIGHT  SENSITIVITY  OF  CUPROUS  OXIDE  AKD  UP  oElJiKIUM. 

introduction. 

The  light  sensitivity  of  cuprous  oxiae  and  of  seleniun 
has  been  tested  in  the  following  three  ways:  first,  hy  meas- 
uring the  change  in  the  electrical  resistance  produced  hy  light; 
second,  by  measuring  the  change  in  the  potential  of  the  substance 
produced  by  light,  when  tae  substance  is  tiswd  as  one  plate  in  an 
electrolytic  cell,  that  is  by  obtaining  the  photo-electrolytic 
action;  and  tnird,  by  measuring  the  potential  of  the  substance 
produced  by  li^t,  when  the  substance  is  placed  in  the  field  of 
a  positively  charged  cylinder,  in  a  vacuum,  that  is,  by  obtaining 
the  photo-electric  effect. 

In  the  present  investigation,  these  three  effects  have 
been  measured  on  the  same  sample,  since  different  samples  have 
been  foimd  to  vary  greatly  in  their  sensitivity.  Also,  the  work 
on  the  photo-electrolytic  action  has  been  extended,  by  measuring  the 
effect  of  the  different  wave-lengths,  in  the  region  6700  to  2600  A.U., 
on  the  change  of  potential  of  the  substance. 

A-pparatus . 

The  same  apparatus  was  used  for  the  two  substances. 

i.    The  apparatus  used  for  determining  the  change  in  the  electrical 

resistance  produce!  by  different  wave-lengths  of  llgr.t,  in  the  region 

6000  to  4000  A.U.  for  GUp  0  and  9000  to  4000  for  Selenium,  is  Indl- 


FIG.  I. 
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cated  in  Figure  I.   The  source  of  light  was  a  sruall  tirngsten 

lamp  of  32  candle  power.   The  speotrometer  tnat  was  used  has  been 

(1) 
accurately  described  by  A.H.Pfund   .   The  water  cell  was  Inserted 

to  cut  out  the  strong  heat  rays.   An  orange  glass  screen  was  usei 

as  an  opaque  screen  for  wave-lengths  shorter  than  4650  A.U.;  so 

that  the  neasured  changes  in  resistance  would  be  linaf footed,  as 

much  as  possible,  by  scattered  light. 

2.   The  apparatus  used  for  determining  the  photo-eleotrolytic 
effect  produced  by  the  different  regions  of  the  spectrum  in  the 
range  8700  to  2600  A.U.  is  indicated  in  Figure  II.   The  source 
of  light  was  an  iron  arc.  The  substance  to  be  investigated  was 
sealed  into  the  side  of  the  glass  cell,  as  shown  in  Figure  III. 
B.  represents  the  substance,  which  is  opposite  a  quarts  window  A. 
Great  difficulty  was  experienced  in  obtaiziing  a  good  electrisal 
contact  to  B;  but  this  was  finally  overcome  by  sealing  a  small 
copper  sheet  directly  behind  B,  and  filling  the  space  between  *he 
copper  and  B,  with  mercury.  The  other  electrode  of  the  cell  was, 
in  some  cases,  a  sample  of  the  same  substance  as  B,  sealed  into 
the  side  of  the  tube  in  such  a  position  that  the  light  coxild  not 
reach  it.   In  other  cases,  a  platinxxm  wire,  or  zinc  strip  imaersed 
in  the  solution  forced  the  other  electrode.  The  solution  was  dis- 
tilled water,  when  working  with  CUgO;  whereas  a  few  drops  of  nitric 
acid  were  added  to  the  distilled  water  when  working  with  selenium. 
The  two  electrodes  were  joined  to  the  terminals  of  a  hi^  resistance 
galvanometer. 


PiG.n, 
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5.   The  apparatus  used  for  determining  the  longest  wave-length 
that  will  cauee  a  photo-electric  effect  4f  the  substance   is  in- 
dicated in  FlgTire  IV.   The  photo-electrio  cell  was  enclosed  in 
an  earthed-tin  case,  which  was  oormeoted  by  a  brass  pipe  to 
the  brass  case  containing  the  electrometer.   A  small  hole  was 
out  in  the  tin  case  to  allow  the  light  to  fall  on  the  o«ll.  The 
source  of  light  was  an  aluminium  spark,  when  working  with  OugO, 
and  an  iron  arc  when  working  with  selenium.  This  light  was  focussed 
on  the  substance  in  the  cell,  by  means  of  a  quartz  lens. 

Method. 


i.    In  determining  the  change  of  resistance  produced  by 
different  wave-lengths  of  light,  the  '.Theat stone  Bridge  was  bal- 
anced as  closely  as  possible  with  the  substance,  not  illuminated, 
as  tne  ui-known  resis  ance.   The  reading  of  the  galvanometer,  g,  was 
taken.   Zhen  by  means  of  the  spectrometer,  a  given  region  of  the 
spectrum  of  the  tungsten  lamp  was  allowed  to  fall  on  the  substance, 
and  the  steady  deflection  of  the  galvanometer,  g,  was  read.  The 
change  of  resistance  was  found  to  be  independent  of  the  len^ith  of 
time  of  illuraination,  unless  that  time  was  very  short.  Thus  the 
substance  was  illuminated  until  the  resistance  had  reached  a  con- 
stant value.   Then  by  a  screen  the  illumination  was  cut  off.  The 
reading  of  the  galvanometer  was  taken  before  and  after  the  illumlnA- 
tion  of  the  substance,  and  the  average  of  these  readings  was  taken 
as  the  zero  from  which  the  deflection  was  measured.   In  most  cases, 
there  was  no  zero  ehift.   i'he  metnod  was  repeated  for  the  differ- 
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•21$  regions  throughout  the  speotrum,  and  thus  the  steady  change 

in  resistance  produced  by  the  various  regions  of   the  spectrum 

(1) 
of  the  tungsten  lamp,  was  measured.   A.H.Pfund    showed  for 

CuoO,  and  iicholson   showed  for  seleniTim,  that  for  any  mono- 
ohroiTiatic  po  -tion  of  the  speotrum  for  which  the  light  is  not 
transmitted  by  the  substance,  the  change  in  resistance  is  pro- 
portional to  the  square-root  of  the  intensity  of  the  source.  Thus 
to  study  the  con[parative  effects  of  radiations  of  different  wave- 
lengths, it  is  advisable  to  divide  the  change  of  resistance  produced 
by  a  definite  portion  of  the  si)ectrum  by  the  square-root  of  its  rela- 
tive intensity.   It  was  necessary,  therefore,  to  obtain  the  intensity 
distribution  of  the  spectrum  of  the  source.  This  was  done  by  taking 
the  steady  deflection  of  the  galvanometer,  g',  when  the  ther.-ao-couple, 
which  was  made  to  replace  the  resistance  cell  in  position,  was  illum- 
inated successively  by  each  region  of  the  spectrum.   The  galvanometer 
readings  were  taken  before  and  after  each  illiimination  of  the  thermo- 
couple, and  the  average  of  these  readings  was  taken  as  the  zero,  from 
which  the  deflection  was  measured.   The  zero  snift  was  at  times  quite 
large,  but  in  these  cases,  a  great  many  sets  of  readings  were  taken. 
It  is  assumed  that  the  steady  deflections  of  the  galvanometer,  g', 
are  proportional  to  the  corre si  ending  intensi;,y  of  the  radiation 
falling  on  tne  thermo-couple.   This  is  found  to  be  Justified,  since 

the  results  obtained  in  t  is  way  are  exactly  the  same  as  those  ob- 

U) 
tained  by  A.H.Pfund    for  OU2O,  where  he  allowed  monochronatio 

radiation  of  equal  intensities,  throughout  the  wnole  spectral  region 
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InTastl^ted  to  fall  on  the  Bubstanoa*  whosa  chan^  in  raslstance 
was  being  measured. 

2.     In  determining  the  photo-electrolytic  effect  iroduced 
by  the  different  regions  of  the  spectrtna,  the  cell  was  exposed  to  the 
different  region*  by  a  qxiarti  spectrometer,  and  the  oorrespnnding 
throws  of  the  galvsmomoter  were  observed.  These  throws  were  propor- 
tional to  the  change  in  potential  produced  in  the  substance.  I'he 
galvanometer  readings  were  taken  before  and  after  each  illumination 
of  the  substance,  and  the  average  of  tnese  was  taken  as  the  zero 
from  wnioh  the  deflection  was  measured.   iliere  was  usually  no  sero 
shift.   Thus  the  change  in  potential  produced  by  the  various  regions 
of  the  spectrum  of  the  iron  arc  was  measured.   By  a  separate  exper- 
iment, to  be  described  later,  it  was  shown  that  for  the  unresolced 
raaiation,  the  change  in  potential  produced  is  proportional  to  the 
intensity  of  the  radiation,  in  the  case  of  GUgO;  and  is  proportional 
to  the  two-thirds  power  of  the  intensity  of  the  radiation  in  the  case 
of  selenium.   It  is  assumed  that  the  same  law  holds  for  the  sono- 
chromatio  radiations  that  are  not  traneinitted  by  the  substance.  Thus 
to  study  the  comparative  effects  of  radiations  of  different  wave-lengths 
it  is  advisable  to  divide  the  change  of  resistance  produced  by  a  defi- 
nite portion  of  the  spectrum  by  the  relative  intensity,  i,  in  the 
case  of  GU2O,  and  b-,  I    in  the  case  of  selenium.   It  was  necessary 
therefore,  to  obtain  the  spectral  energy  distribution  of  the  iron  arc. 
This  was  obtained  by  means  of  the  thermocouple,  exactly  as  the  spec- 
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tral  energy  distribution  of  the  tungsten  light  was  obtained,  as 
described  in  (1).  In  some  o&sea,  tne  changes  in  potential  were 
determined  alternately  with  the  intensity  for  eaoh  portion  of 
the  speotral  regionj  while  in  other  cases,  the  change  in  poten- 
tial was  determiUted  for  eaoh  portion  of  the  region  investigated, 
and  then  the  intensity  for  each  portion,  without  adjusting  the 
arc.   Both  methods  gave  the  same  results. 

i'o  detei^aine  the  relation  between  the  change  in  potential 
produced,  and  the  intensity  of  the  source,  the  unresolved  radia- 
tion of  a  32  o.p.  tungsten  lamp  was  fooussed  on  the  speoimen,  and 
a  rotating  sector  was  placed  directly  In  front  of  the  photo- 
electrolytic  cell.   The  throw  of  the  galvanometer  was  obtained 
when  the  sector  was  not  rotating.   The  galvanometer  reading  was 
taken  before  and  after  the  cell  was  illtDninated,  and  the  average 
of  these  readings  was  taken  as  the  zero  from  which  the  deflection 
v/as  measured.  This  met.od  was  repeated,  when  the  sector  was  rota- 
ting, and  completely  open,  that  Is,  allowing  one  half  as  much  light 
to  fall  on  the  cell  as  in  the  previous  case.   This  method  was  re- 
peated again  when  the  rotating  sector  was  one-half  open,  and  again 
when  it  was  one-fourth  open.   It  was  observed  tr.at  the  effect 
varied  directly  as  the  intensity  of  the  incident  radiation  for  JtigO, 
and  directly  as  the  two-thirds  power  of  the  intensity  of  the  inci- 
dent radiation  for  selenium,  as  shown  in  the  following  t«bl«: 
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Table  1. 

Relative 
Intensity 

Observed  change 
of  potential  of 

CUnO 

Jalciaated 
change  of 
potential 
of  Cu.O 

Observed 

change  of 

potential 

of  Se. 

Jalculated 
change  of 
potential 

Of  Je. 

I 

20 

46.3 

i  I 
2 

10.05 

10.0 

32.2 

30.43 

t   ^ 

5.2 

5.0 

23.85 

19.17 

i  I 

8 

2.7 

2.  5 

14.86 

12.08 

5.    In  determining  the  long  wave-length  limit  that  will  cause 
the  photo-electric  effect,  screens  of  various  tnicknesses  of  glass 
were  made,  and  when  that  screen  was  found,  which  would  give  a  very 
small  deflection  of  the  electrometer,  its  transmission  spectrum 
was  taken.   I'hus  the  shortest  wave-length  that  it  transmitted  was 
the  longest  wave-length  that  would  cause  the  photo-electric  effect  of 
the  substance. 

Hesul^s  X9r   OTiprpus  Qa^ide. 


1«    The  observed  change  of  resistance  of  Ou,0  proauced  by  radia- 
tions of  different  wave-lengths  in  the  region  6000  to  3900  A.U.  was 
exactly  in  accord  with  the  work  done  by  A.H.Pfund 
A  typical  set  of  oata  is  recorded  in  lable  1. 


8 
■'able   i. 


V/ave-length     Chang©  of         .lelative   inten- 

in  A.U.         Assistance       sity  of  r.adia-  .dR 

-  -  dr.  tion.  I  iTT  ^j-f- 


3960 

2.65 

.2 

.447 

5.92 

4130 

3.12 

.27 

.52 

6.0 

4300 

3.87 

.40 

.63 

6.28 

4460 

4.17 

.46 

.69 

6.04 

4550 

5.12 

.65 

.81 

6.32 

4850 

5.95 

1.0 

1.0 

5.95 

5050 

6.60 

1.55 

1.25 

5.28 

5260 

7.57 

2.27 

1.51 

5.0 

5500 

8.56 

3.25 

1.80 

4.75 

5760 

8.07 

4.55 

2.13 

3.79 

6000 

6.35 

6.59 

2.57 

2.49 

The  final  results  are   shown  in  aig.  5,   in  which  the  ratio  of  the 
change  of  resistance  to  the  square-root  of  the  relative  intensity  of 
the  radiation  is  plotted  against  the  corresponding  wave-length  of 
light. 

It  will  be  noted  in  the  graph  that  there  is  a  sll^t  raaxinram 
at  4600  A.U. ;  and  from  A.H.Pfund's  work,  wiach  extended  the  iLvestl- 
gation  further  into  the  xHtra-violet  a  large  maxinram  occurs  at  about 
2800  A.U. 

2.   The  effect  of  wave-len^rth  on  the  change  of  potential 
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of  the  Cn-O  in  an  electrolytic  cell  has  been  obeerveu  by  A.H. 
Ffund  and  E.  Karrer;  but  the  results  were  never  published.  The 
readings  obtained  in  this  investigation  confirm  their  result i. 
A  typical  set  of  data  is  recorded  in  Table  II. 
Table  II. 


Wave-length 
in  A.U. 


2690 
2710 
2770 
2890 
3100 
3220 
3960 
4S0O 
4650 
5050 
5500 


Change  of  Potential   Relative  Inten-       dP 
dP         sity  of  Radiation     I 

I 


.75 

.80 
1.10 

•  8 
1.50 
1.0 
1.9 
5.5 
2.0 
1.5 

.9 


.55 

.50 

.85 

.5 

1.2 

.75 

1.1 
■1 
2,7 

1.9 

2.55 
2.45 


1.3 

1.6 
1.17 
1.6 
1.87 
1.4 
1.72 
1.35 
1.05 
.58 
.122 


The  final  results  are  shown  in  Fig.  VI,  in  which  the  ratio  of 
the  change  of  potential  to  the  relative  intensity  of  radiation  is 
plotted  aginet  the  corresponding  wavelength. 

It  will  be  noted  from  the  graph  that  there  is  a  naaximon  effect 
at  about  3500  A.D.,  and  that  the  effect  continues  throughout  the 
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ultrtu-violet  region  to  2600  A.U.,  that  Is,  as  far  as  t' e  region 

waB  invest ieated. 

This  potential  effect  was  observed  when  tre  back  of  the  CuoO 

plate  was  illtnninated,  that  is  ,  when  the  light  did  not  pass  throt»eli 

the  electrolyte,  but  fell  on  that  of  the  JugO  plate  which  was  in 

contact  with  the  air. 

The  absolute  magnitude  of  the  potential  effect  was  determined 

by  connecting  the  galvanometer  to  a  potentiometer,  and  finding  the 

potential  that  would  cause  the  same  deflection  as  that  given  by  the 

effect  of  3500  A.U.  on  the  'JvuO*     By  this  means,  it  was  found  that 

the  change  of  potential  produced  in  the  OugO  by  3500  A.U.  of  intensity 

-5 
as  obtained  tram   the  iron  arc,  was  of  the  order  of  magnitude  of  10 

volts. 

(3) 
T.W.Case    has  investigated  the  effect  of  light  on  one 

electrode  of  a  cuprous  oxide  voltameter,  with  copper  formate  as  the 

electrolyte.   In  the  unresolved  radiation  of  sunlight,  a  much  more 

intense  source  than  was  used  in  this  present  erperiment,  he  obtained 

0.11  volts  for  the  full  intensity.  But  in  his  work  he  found  that  the 

illuminated  Cu  0  plate  has  its  potential  lowered;  whereas,  in  the 

present  investigation,  the  illuminated  Ouj^O  plate  was  made  positive 

as  the  restat  of  illumination,  the  current  flowing  from  this  plate 

to  the  dark  electrode  through  the  external  circuit. 


3.  The  photo-electric  effect  of  OugOhas  been  observed  by  ^.E, 
(4} 
Kennard  and  E.O.  Dieter loh  ;  but  the  long  wave-length  limit  was  not 
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(5) 
determined.  Hov.ever,  it.A.Mlllikan    reoords  the  long  wave-length 

limit  for  copper  oxide  to  te  2535  with  a  posBiLle  error  of  50  A.U. 
The  long  wave-length  limit  a»  obtained  in  the  present  investiga- 
tion was  2572  A.U. 

Several  pieces  of  OtuO  were  investigated.  They  shofwed  the 
limit 
same  long  wave-lengtn  for  the  photo-electric  effect*  and  the  same 

characteristic  photo-electrolytic  action;  but,  although  a  particular 

specimen  would  snow  a  large  photo-electrolytic  action,  it  did  not 

necessarily  show  a  measuirable  change  of  resistance  with  exposure 

to  light. 

Results  for  Selenium. 

i,.   The  oh  served  changes  of  resistance  of  selenium  produced 

"by  radiation  in  different  regions  of  tne  spectrian  in  the  range  of 

9000  to  4000  A.U.  were  exactly  in  accord  with  the  results  obtained 

(2) 
by  NioholBon. 

A  tj'pical  s®t  of  <i»ta  is  recorded  in  Table  III. 
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Tab;?  m. 

Wave- 
in  A. 

len^;th 

U. 

Change  in 
Resistance 
-  -dP. 

Relative 
I  intensity 
of  Radiation 

T 

I 

I 

4370 

.760 

.10 

.316 

2.^7 

4480 

.79 

.12 

.346 

2.25 

4720 

1.11 

.21 

.458 

2.41 

5000 

1.49 

.40 

.6325 

2.36 

5400 

2.17 

.71 

.8426 

2.58 

5870 

3.23 

1.30 

1.14 

2.83 

6500 

5.5 

2.37 

1.54 

3.57 

7000 

8.36 

S.2S 

1.80 

4.64 

7400 

8.57 

4.29 

2.06 

4.16 

8250 

3.84 

6.29 

2.50 

1.53 

9100 

1.8 

6.37 

2.52 

.71 

The  final  results  are  shown  in  Fig.  VII  in  which  the  ratio  of  the 
change  of  rtistance  to  the  square  root  of  the  relative  intensity  of 
the  radiation  is  plotted  against  the  corresi  ending  wave-length  of 
li^t. 

It  will  be  noted  In  the  graph  that  there  is  a  sharp  maxi- 
mum at  7000  A.U. ,  and  from  Nicholson's  worl:,  which  extended  the 
investigation  further  into  the  ultra-violet,  a  slight  maximum  is 
found  to  occur  also  »t  abont  4500  A.U. 

2.  The  change  of  potential  of  the  sexenium  in  an  eleotrolytlc 
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oell  ^en  the  o^her  electrode  is  i  latintnn  has  been  observed  by 

(6) 
iiinchin   .   In  the  present  investigation  a  very  much  larger 

effect  was  observed  when  the  other  electrode  was  a  strip  of  zino; 

but  this  was  probably  due  to  the  smaller  internal  resistance  of  the 

cell,  when  the  large  zino  electrode  was  used. 

A  trypical  set  of  data,  for  a  coll  with  selenium  and  zino  as 
electrodes,  in  distilled  v;ater,  with  a  few  drops  of  nitric  acid 
added,  is  recorded  in  Table  IV.  Care  was  taken  that  the  light  did 
not  fall  on  the  zino.  The  direction  of  the  current  obtained  is  from 
the  illuminated  selenium  to  the  dark  electrode  through  the  external 
circuit;  that  is,  the  selenium  is  raised  to  a  higher  potential,  by 
action  of  the  light. 

'ilie  final  results  are  anown  in  i?'ig.  VIII  in  which  the  ratio 
of  the  change  of  potential  divided  by  the  two-thirds  pov?er  of  the 
relative  intensity  of  the  radiation  is  plotted  against  the  correspond- 
ing wave-lengths. 

It  will  oe  noted  from  the  graph  that  there  is  a  decided 
maximtan  at  about  5700  A.U. 
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Table   -ly. 


Yt'ave-lertgths         Change  of  Potential       Relative  inten-  dp_ 

In  A.U.  dP  sity  of  ^iadia-  I 

tion. 

1  _ 

2710  .3 

2800  .4 

2970  .7 

3100  .6 

3280  ,7 

3450  .6 

3740  1.8 

3950  S.O 

4260  6.0 

4480  4.5 

4630  4.S 

5200  7.6 

5870  8.4 

6500  10.4 

78(J0  11.1 

8750  6.B 


4.  The  photo-electric  effect  of  selenitni  has  been  studied  by 
14) 
E.H.Eennard  and  K.O.Qlet«rioh  ,  but  the  long  w7aye-len£:th  limit 

tas  not  determined.  The  long  wave-length  limit  as  obtained  in  the 
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4.0 
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4.S 
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present  inveBtigation  was  2260  A.U. 

Several  pieoea  of  B«leni«n  were  investigated.  Thev  showed 
the  same  long  wave-length  limit  for  the  photo-electrio  effect,  and 
the  same  oharaoterlstlc  photo-eieotrolytic  action;  hut,  althou^ 
a  particular  specimen  would  show  a  large  photo-electrolytic  action, 
it  did  not  necesBarily  ahow  a  measurable  chan^  of  resi stance  witn 
exposure  to  light. 

Discussion. 

It  has  oeen  the  purpose  of  ti-is  paper  to  observe  the  above- 
mentioned  turee  effects  of  light  on  the  same  sample,  witu  a  view  to 
aiding  in  the  tneoretical  interpretation  of  these  and  other  experiaaen- 
tal  facts. 

The  fact  that  for  "both  cuprous  oxide  and  selenium,  the  p  oto- 
eleetrolytic  effect  heglns  at  a  wave-length  shorter  than  the  resist- 
ance effect,  and  that  the  photo-electrio  effect  begins  at  a  wave- 
length shorter  tr,an  the  photo-electrolytic,  indicate  that  least 
energy  is  required  to  simply  excite  the  electrons  i  assuming  Jhomsons 

doublet  theory  of  resistance,  since  it  was  found  to  explain  some  of  the 

(IJ 
experiments  of  A.H.  Pfund  ),   and  that  a  greater  araotmt  of  energy  is 

required  to  remove  an  electron  from  the  substance,  and  thus  raise  its 

potential.   Also  the  greater  the  dielectric  constant  of  the  niedium 

surrovmding  the  substance,  the  less  tne  araount  of  energ;.  necessary 

to  remove  t^e  electron,   -he  concept  is,  nov/ever,   complicated  by 

the  fact  that  the  photo-«l8ctrolytic  effect  is  observed,  irtietlier  the 
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part  of  tiie  aubstance  in  contact  with  the  liquid  or  the  part 
of  the  substance  in  contact  with  the  air  1b  illuminated. 

It  is  of  Interest  to  note  that  the  photo-electr  c  effect 
of  OTigO  beglne  at  approximately  2570  A.U.,  and  that  the  ratio 
-  dii  /j~j    begins  to  decrease  at  a^jproximately  2800  A.U.,  having 
been  steadily  increasing  Tip  to  this  point.   vhat  these  two  effects 
should  ocour  at  the  same  wave-length,  is  wnat  would  be  expected  on 
Thomson's  doublet  theory  of  resistance,  due  to  electrons  being 
ejected  completely  from  the  substance.   I'he  slight  discrepancy  in 
the  long  wave-length  limit  for  the  photo-eleotrlo  effect,  and  the 
maximum  in  the  change  of  resistance  effect,  may  be  dtte  to  the 
fact  that  when  measuring  the  change  of  resistance,  the  Cu^O  is  in 
air,  which  has  a  s^lightly  higiier  dielectric  constant  than  a  vacwa, 
and  as  we  have  seen  in  the  two  cases  observed,  the  greater  the  die- 
lectric constant,  the  less  the  energy  necessary  to  eject  the  electron 
completely  from  the  substance.   Phe  fact  that  this  agreement  is  not 
found  in  the  case  of  selenium  may  be  due  to  the  fact  that  there  are 
so  many  different  forms  of  selenium,  and  that  they  pass  so  raadily  from 
one  to  another.   To  attenij.t  any  further  physical  interpretation  is 
inadvisable,  \xntil  more  data  have  been  obtained. 

Summary « 


1.  (a)  The  long  wave-length  lialt  that  will  cause  a  change  of  re- 
sistance of  CuoO  is  greater  than  6400  A.U. 
(b)  The  long  wave-length  limit  that  will  cause  the  photo-electro- 
lytic effect  of  CUgO  is  about  5600  A.U. 
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(o)  Tlie  long  wave-len^h  limit  that  will  cause  the  photo- 
electric effect  of  CtigO  is  about  2570  A.U. 

2^    (a)  The  long  wave-length  limit  that  will  cause  a  change  of 

resistance  of  selenim  Is  about  10,000  A.U. 
(b)  The  long  wave-length  limit  that  will  cause  the  ohoto- 

eleotrolytio  effect  of  selenium  is  9500  A.U. 
(o)  The  long  wave-length  limit  that  will  cause  the  photo-electric 

effect  of  CUgO  is  about  2260  A.U. 

8.     The  photo-electrolytic  effect  was  observed  in  GUgO  for  both 
front  and  back  Illumination,  the  front  of  the  CU2O  being  in 
contact  with  distilled  water,  and  the  back  of  the  CtigO  b«izig 
in  contact  with  air. 

4.     In  the  photo-electrolytic  action  for  both  cuprous  oxide  and 
selenium,  the  potential  of  the  substance  is  raised. 

5*     The  maximum  photo-electrolytic  effect,  i.e.  the  ratio  of  the 
photo-eleotroiytic  effect  to  the  relative  intensity  of  radia- 
tion, of  cxrprous  oxide  is  at  approximately  3500  A.U. 

6.     Tb»   maximum  photo-electrolytic  effect.  I.e.  the  ratio  of  the 
photo-electrolytic  effect  to  the  two-thirds  power  of  the 
relative  intensity  of  radiation  for  selenium  is  at  approxi- 
mately 5700  A.U. 

7.    The  photo-electrolytic  effect  of  cuprous  oxide  varies  di- 
rectly with  the  intensity  of  the  source,  for  unresolved  radia- 
tion. 
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8.  The  photo9-el«otroLytlo  effect  of  selenium  varies  directly 
with  the  two-thirds  power  of  the  intensity  of  tne  souroe,  for 
unresolved  radiation. 

In  oonolusion  I  desire  to  express  my  appreciation  to 
Professor  -aines  and  to  Uie  entire  Graduate  Physics  department  of 
the  Johns  Hopkins  University  for  the  interest  they  have  taken  in 
the  work.   I  especially  want  to  thank  Dr.  Pfund,  who  suggested 
the  prohlem,  and  so  cheerfully  aided  ma  in  every  possible  way. 
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